Abstract BACKGROUND: Tumor infiltrating lymphocytes (TILs) are widely considered a key sign of the immune interaction between host and tumor, and potentially prognostic biomarkers of good or bad outcome in many cancers, included invasive breast cancer (BC). However, results about the association between TIL typology, location and BC prognosis, are controversial. The aim of the study was to evaluated the prognostic significance of TIL subtypes (CD4+, CD8+, FOXP3+ T cells) and their location (stromal "s" and intratumoral "i" CD4+ and CD8+) in BC patients, focusing on the association between these markers and immunocheckpoint molecules such as cytotoxic T lymphocyte antigen 4 (CTLA-4), programmed cell death ligand 1 (PD-L1) and its receptor (PD-1). METHODS: CD4+, CD8+, FOXP3+, CTLA4+, PD-L1+ and PD-1+ expression was examined by immunohistochemistry on tissue microarrays (TMAs) from 180 BC patients. Univariate and Kaplan-Meier analyses of disease free survival (DFS) were performed to evaluate the prognostic significance of marker expression. RESULTS: Total CD8+ T cells were not significantly associated with DFS. Differently, patients with iCD8+ and sCD8+ overexpression showed a trend toward respectively a worse (P = .050) and a better 5-years DFS (P = .064). Interestingly, TIL expression of both PD-1+ and PD-L1+, was significantly associated with iCD8+ (P = .0004; P b .0001 respectively), while only TIL expression of PD-1 was associated with sCD8+ (P = .001). CONCLUSION: Our data show that iCD8+ T cells, but no sCD8+ T cells identify a subgroup of patients with poor DFS and this could be due to the overexpression of PD-L1/PD-1 pathway.
Introduction
Breast cancer (BC) is the leading cause of mortality in women worldwide [1] . Despite advances in the diagnosis and treatment, new biomarkers of prognosis are needed to develop target therapies and improve patient survival. Recently, several studies demonstrated the importance of the microenvironment in cancer progression [2] , focusing on the function and interaction between immune cells and cancer cells, in a variety of solid tumors, including BC [3] . Tumor infiltrating lymphocytes (TILs) are considered a selected population of T-cells with a higher specific immunological reactivity against tumor cells [4] . TILs play dual role in cancer, by either suppressing or promoting tumor growth [4] . The anti-and pro-tumoral function of TILs in BC could be TIL subtype dependent. Indeed cytotoxic T cells (CD8+ T cells) have been reported to be associated with improved clinical outcome in different phenotypes of BC [5] [6] [7] [8] . Conversely, the prognostic role of regulatory T cells (Treg), defined as forkhead box protein 3 (FOXP3+) T cells, remains to define. Infact, BC with FOXP3+ TILs have been reported having both a worse [9, 10] and a better prognosis [11, 12] . Moreover, other authors reported that the expression of FOXP3+ has no a dominant role in BC prognosis [13] .
If the clinical significance of TILs in BC is still arguable, their location (stromal TILs, sTILs; intratumoral TILs, iTILs) is even less studied, and the conclusions remain debatable. Chen et al. demonstrated that the presence of intratumoral CD8+ cytotoxic lymphocytes was a favorable prognostic marker in node negative BC [14] , while Wang et al. recently reported that no CD4+ neither CD8+ T cells, at either location (tumorhost interface and within intratumoral stroma) were significantly associated with relapse free survival or overall survival in triple negative BC (TNBC) [15] . Thus, the issue of TIL role and prognostic significance in BC is still an open field of research, which should be investigated in light of the new molecular mechanisms that enable tumor cells to escape from the host immune system. BC cells express the immunocheckpoint molecules to evade antitumor immune responses, to grow progressively and to metastasize. One of these, is the programmed cell death ligand 1 (PD-L1) and its receptor, the programmed cell death 1 (PD-1). Both are expressed in TILs and in different cancer types including melanoma, ovarian, lung and BC. [16] . The interaction PD-L1/PD1 inhibits T-cell activation, induces T lymphocyte apoptosis and blocks immune responses against cancer [17] . Data concerning the correlation between PD-L1 and BC prognosis are numerous but conflicting [18, 19] .
Another immune checkpoint molecule is the cytotoxic T lymphocyte antigen 4 (CTLA-4). CTLA4 is a CD28 homologous, normally expressed at low levels on the surface of naïve effector T cells and Treg cells [20] . After stimulation of T naïve cells, CD8+, CD4+ and FOXP3+ T cells upregulate CTLA4, which reduces T-cell activation [20] . In BC, CTLA4 expression has been little studied and, similarly to PD-L1, the relation with the prognosis remains elusive.
Here we present a study on 180 BC patients. The aim was to evaluate whether the different subtypes of TILs (CD4+, CD8+, FOXP3+ T cells) and their location (sCD4 and iCD4; sCD8 and iCD8), in association with PD-L1/PD-1 and CTLA4 expressed by TILs and tumor cells, could identify an immunophenotype with a prognostic significance. These evaluations may shed new light on the possible clinical use of these immune markers as new therapeutic targets.
Methods

Patients and Clinicopathological Characteristics
This study involved a retrospective, not consecutive, series of 180 female patients diagnosed with invasive breast cancer at the IRCCS Istituto Tumori "Giovanni Paolo II" of Bari between 1994 and 2012. Clinicopathological characteristics of the study populations are included in Supplementary Table 1 . Histological type, tumor size, lymph node status, histological grade, estrogen receptor (ER) status, progesterone receptor (PgR) status, proliferative activity (MIB1), Human epidermal growth factor receptor 2 (HER2/neu) status, were obtained from the Pathology Department of our Institute.
Tumors with ER or PgR expression were scored as positive when nuclear immunoreactivity was present in N10% of tumor cells. For the proliferative activity (Ki67 index), assessed by MIB1 nuclear staining, the cut-off value of 20% positive cells was adopted, and tumors with proliferative activity N20% were considered highly proliferating. This cut-off represents the median value of the scores relative to all breast tumor samples analyzed in these years within our Institute. The HER2/neu was scored as 0, 1+, 2+ or 3+ using a monoclonal antibody (MoAb clone CB11, Novocastra Laboratories Ltd., Newcastle, UK), in accordance with the Herceptest scoring system (Food and Drug Administration accepted): 0 = no membranous immunoreactivity or b10% of cells reactive; 1+ = incomplete membranous reactivity in N10% of cells; 2+ = ≥10% of cells with weak to moderate complete membranous reactivity; and 3+ = strong and complete membranous reactivity in N10% of cells. Cytoplasmic immunoreactivity was ignored. Cases scoring 0 and 1+ were classified as negative. HER2/neu was considered to be positive if immunostaining was 3+ or if a 2+ result showed gene amplification by fluorescence in situ hybridization (FISH). In FISH analyses, each copy number of HER2 gene and its centromere 17 (CEP17) reference was counted. The interpretation followed the criteria of the ASCO/ CAP 2007 guidelines for HER2 testing in breast cancer; the cases were considered positive if the HER2/CEP17 ratio was higher than 2.2 [21] . "The 16.2% (26/160) of patients received chemotherapy (CT), the 40% (64/160) chemotherapy + hormone therapy (CT +HT) and the 43.8% of patients (70/160) received only hormone therapy (HT). For the 11.1% of patients (20/180) the treatment data were not available".
Tissue Microarray (TMA) and Immunohistochemistry
TILs (CD4, CD8, FOXP3) and imunocheckpoint marker (CTLA4, PD-L1, PD-1) expressions were examined by immunohistochemistry on tissue microarrays (TMAs) containing 540 tumor tissue cores from 180 breast cancer patients. For the construction of TMA, we followed the methods of Mangia et al. 2017 [22] . In detail, TMAs were generated using all available formalin-fixed and paraffinembedded (FFPE) breast tumor tissue blocks. Three different regions of tumors were identified and marked on hematoxylin and eosin stained sections. The selection of tumor areas was made by choosing the regions with the highest quantity of lymphocyte infiltrate. Sections were matched to their corresponding paraffin blocks (donor blocks), and three tumor cores with a diameter of 1 mm were punched from these tumor regions of each donor block and precisely arrayed into a new recipient paraffin block (TMA block) using the Galileo Tissue MicroArrayer CK 4500 (Transgenomic). Each sample was arrayed in triplicate cores to minimize tissue loss and to overcome tumor heterogeneity. The three cores were representative of the whole specimen. Four μm-thick slices were cut from the TMA blocks and transferred to slides which were processed and stained by the indirect immunoperoxidase method using the BenchMark XT automated staining instrument (Ventana Medical Systems, Tucson, AZ, USA). All solutions were from Ventana Medical Systems unless otherwise specified. Slides underwent deparaffinization with the EZ PREP solution, and antigen retrieval with Cell Conditioning solution 1 (56 min, 95°C). The following step was the incubation with the specific primary antibodies. Tonsil tissue was used as positive control for each biomarker, whereas the negative control was prepared by replacing the primary antibody with a nonimmune immunoglobulin of the same isotype. Positive and negative controls were included in each staining run.
Quantification of TILs (CD4+, CD8+, FOXP3+) and Immunocheckpoint Markers (CTLA4, PD1, and PD-L1)
Quantification of the CD4+, CD8+, FOXP3+ and immunocheckpoint proteins (CTLA4, PD-1 and PD-L1) was performed manually by two observers blind to patient outcome and clinicopathological characteristics. Any discrepancies between the two observers were resolved by re-examination and consensus. The 
114 (73) 42 (27) 131 (79) 35 (21) Tumor cells contained no tumor tissue or infiltrate, the overall score applied was that of the remaining cores of the triplicate. Furthermore, the cases in which all three TMA cores were uninformative, were considered nonassessable and excluded from the analyses. Lymphocytes in contact or within the tumor epithelium were scored as intratumoral (i), whereas lymphocytes in the interstitial space or in the stromal areas were defined stromal (s). The median value of immunoreactive cells was used as cut off for: CD4 (≥36), sCD4 (≥26), iCD4 (0), CD8 (≥64), sCD8 (≥36), iCD8 (≥3), FOXP3 (≥1), (Supplementary Table 2 Table 2 ).
The number and the percentage of positive and negative samples for immune marker expression, in TILs and tumor cells, categorized according to the median values, are shown in Table 1 (a, b) .
Statistical Analyses
In order to analyze the association between immune marker expression and patient clinical characteristics, and among markers themselves, we used the chi-square and Fisher's exact tests for the dichotomized variables. The results from the immunohistochemical analyses of immune markers, were assessed in relation to disease-free survival (DFS) and overall survival (OS). DFS (in months) was defined as the time from diagnosis to the date of loco-regional or distant recurrence, second invasive breast carcinoma, second primary cancer and/or death without evidence of breast cancer or to the date of last contact. OS (in months) was defined as the time from diagnosis to the date of last contact or of death from any cause. Univariate Cox regression analysis of DFS was to estimate the hazard ratio (HR) and 95% confidence intervals (95% CIs) in order to evaluate the prognostic relevance of the marker expression (for OS it could not be completed due to the low number of deaths). Survival curves were calculated according to the Kaplan-Meier analysis and compared by the log-rank test. All statistical differences were considered significant at a level of P b .05. Statistical analyses were performed using SPSS software version 15 (SPSS Inc., Chicago, IL, USA).
Results
Clinicopathological Characteristics
The tumor characteristics of the 180 patients with invasive BC are listed in Supplementary Table 1. The median age at diagnosis was 57 years (range 31-80). The 52.8% of patients were younger than 57 years. The majority had an invasive ductal carcinoma (IDC) (83.9%) and a moderate histological grade (G2) (58%). Tumors with tumor 
Associations Between Immune Marker Expression and Clinicopathological Characteristics
Negative and positive expression of immune markers, of the whole cohort of tumor samples, is reported in Table 1 (a, b) . The mean values for sCD4+ (72 cells), iCD4+ (16 cells), sCD8+ (76 cells) and iCD8+ (36 cells) numerical counts, show that stromal lymphocytes are predominant compared to intratumoral lymphocytes. T-Student test shows that there are no significant differences between sCD4+ and sCD8+ T cells (P = .76), while iCD8+ are significantly more abundant than iCD4+ (P b .05).
A summary of significant associations between TILs (CD4+, CD8+, FOXP3+), TIL location (sCD4+, iCD4+; sCD8+, iCD8+) and clinicopathological characteristics of patients, are respectively reported in Table 2a, 2b. Positive CD4 expression was observed in patients ≤57 years. (P = .0238). Negative CD4 expression was associated with positive ER (P = .047) and both negative MIB1 (P = .0011) and HER2/neu (P = .0101). Stromal CD4 expression showed the same associations of CD4 (P = .0052, P = .0239, P = .0321 respectively). Moreover, positive sCD4 expression was associated with tumor size ≤2 cm (P = .0216) and negative sCD4 expression was observed in patients with positive PgR with a trend of significance (P = .0538). Negative CD8 expression was associated with the histological grade G2 (P = .033) and negative MIB1 (P = .0421). sCD8 expression was associated with positive ER (P = .0156), while negative iCD8 expression showed the same associations of CD8 (P = .0039, P = .0231) and with a tumor size ≤2 cm (P = .0026). For what concern FOXP3+, we only found an association between negative FOXP3 and positive PgR status (P = .0369). Finally, we investigated the relationships between immunocheckpoint molecule expression (CTLA4, PD-1 and PD-L1) and clinicopathological characteristics (Table 3) . Negative CTLA4 expression was associated with the histological grade G2 (P = .0103). Significant associations were found between the expression of PD-1 and PD-L1 in TILs and the lymph node status (P b .0001, P b .0001 respectively). Negative PD-L1 expression in TILs was associated with both negative MIB1 and HER2/neu status (P = .0028, P = .0054 respectively). Negative PD-L1 expression in tumor cells was significantly associated with the histological types considered (P = .0287).
Associations Between TILs and Immunocheckpoint Marker Expression
We first analyzed the association between total immune cell markers (CD4, CD8 and FOXP3) and immunocheckpoint markers (CTLA4, PD-1, PD-L1) (Table 4a) . Considering the dichotomized variables we observed that both CD4 and CD8 expressions were significantly associated with CTLA4 (P = .005, P = .0002, respectively), PD-1 (.0004, .0005, respectively) and PD-L1 (P b .0001, P b .0001, respectively) expressions in total TILs; while only CD4 expression was significantly associated with PD-L1 expression in tumor cells (P = .014). Moreover, FOXP3 expression was associated with CTLA4 and PD-L1 expressions in TILs (P b .0001, P b .0001).
We secondly analyzed the association between immune cell marker subtypes respect to their location (sCD4, iCD4, sCD8, iCD8) and immunocheckpoint markers (CTLA4, PD-1, PD-L1) ( Table 4b ). The expression of sCD4 was associated with PD-1 and PD-L1 expression in TILs (P = .001, P = .035 respectively), and iCD4 expression was associated with PD-L1 expression in TILs and in tumor cells (P b .0001, P b .005, respectively). Stromal CD8 was associated with PD-1 expression in TILs (P = .001) and iCD8 expression was associated with both PD-1 and PD-L1 expressions in TILs (P = .0004, P b .0001 respectively). Figure 1 shows some examples of CD4, CD8, FOXP3, CTLA4, PD-1 and PD-L1 immunohistochemical staining patterns in TMA samples. Supplementary Figure 1 shows some examples of stromal CD4+ and CD8+ T cells.
Immune Marker Expression and Patient Outcome
Univariate survival analysis was carried out including the expressions of immune markers with respect to DFS (Table 5) . We found that the phenotypes with negative sCD8 and positive iCD8 showed a trend toward a shorter 5-year DFS (P = .064 and P = .050 (Figure 2A ) and patients with positive iCD8 ( Figure 2B ) tended toward a poorer DFS (P = .064 and P = .050 respectively). No difference, respect to DFS, was found between the subgroups of patients with positive and negative CD8 expression (P = .512) ( Figure 2C ). The analyses respect to OS could not be performed due to the low number of events (deaths).
Discussion
The prognostic role of TILs has been demonstrated in BC [23] . It is generally thought that high TIL infiltration correlates with complete response rate and improve survival [24] . However, it remains yet to be elucidated which subset of TILs has a role in BC progression and prognosis. In the adaptive immune response against cancer, CD8+ cytotoxic T cells play one of the most important role in killing cancer cells [25] . CD8+ T cells have been shown having a protective prognostic effect in many cancer types, such as colorectal [26] , lung [27] , esophageal [28] , ovarian [29] , renal [30] , pancreatic [31] , liver [32] and breast [5] [6] [7] [8] cancers.
In the present study, we found that total CD8+ T cells were not significantly associated with DFS. However, we observed that the impact of CD8+ T cells on BC DFS depended on their location. Indeed, univariate analysis reported that patients with iCD8+ T cell overexpression showed a trend toward a worse 5-years DFS, while those with sCD8+ T cell overexpression showed a trend toward a better 5-years DFS. These data were also confirmed by the Kaplan Meier curves.
Our results are opposite to those found by Chen et al. who found a strong infiltrate of iCD8+ T cells associated with improved BC OS and DFS. [14] . However, the study of Chen was conducted on the subgroup of node negative BC, while in our study, the 36% of all invasive BC samples presented a positive lymph node status. In addition, our data show that iCD8+ but no sCD8+ expression was associated with more aggressive clinicopathological characteristic tumors, such as size N2 cm, high histological grade and high proliferative activity and this is consistent with the negative prognostic role referred to iCD8+ T cells. Considering the different median values for iCD8+ and sCD8+, we also observed that there was no difference in the percentage of tumor samples with iCD8+ and sCD8+ T cell overexpression (52% versus 50.6% respectively). Moreover, analyzing the numerical counts of TILs we observed that sCD8+ were more than iCD8+, thus we hypothesized that the negative impact of the latter on survival did not depend on the number of TILs. A biological explanation for the different effect of sCD8+ and iCD8+ T cells on BC prognosis could be related to the activation of molecular mechanisms that block their cytotoxic function against cancer cells. Stromal CD8+ T cells expression, still protects the host against cancer development, because TIL function has not yet been impaired. Conversely, iCD8+ T cell function, is negatively affected and compromised by the presence of the tumor mass. One of the mechanisms which could inhibit CD8+ T cell function is the expression of immunocheckpoint molecules such PD-1 and PD-L1. The inhibition of PD-L1 emerges as a reliable therapeutic option in several tumor types including BC. It is known that PD-L1 binding to PD-1 blocks T cell activation and the immune response against tumor [17, 33] . The characterization of PD-L1 expression as a negative prognostic factor of poor clinical outcome in BC and other tumors has been reported [34, 35] . A recent metaanalysis showed an association between shorter OS and PD-L1 expression in all types of BC [18] . Other authors found an association between TIL PD-L1 expression and DFS in TNBC, but no effect on OS or with regard to PD-L1 tumoral expression [36] .
We found that PD-1 and PD-L1 expression levels are not associated with patient survival, but only with some adverse clinicopathological characteristics, such as a positive lymph node status or MIB1. Our data agree with those of Kitano A. et al. who reported that expression levels of PD-L1 and/or PD-1 are not sufficient prognostic factors in BC [37] and with those of Wang et al. who reported no effect on outcome for high expression of PD-L1, except for the basal like subtypes [19] .
Studies aimed at clarifying the relationship between PD-1, PD-L1 and TILs in patients with BC are few [37, 38] and the relationship between total CD8+ T cells and PD-1/PD-L1 is even less studied. Chen et al. observed PD-L1 expression in patients with CD8+ low levels and reported an association between patients classified as PD-L1-high/CD8-low and a worse survival [39] . Moreover, to date, there are no studies on the relationship between PD-L1/PD-1 and CD8+ T cell location.
In our work, we analyzed the association between immunocheckpoint molecule (CTLA-4 and PD-L1/PD-1) expression and TIL subtypes with regard to their location. We did not find any association between sCD8+ or iCD8+ and CTLA4+. Interestingly, we showed that TIL expression of both PD-1 and PD-L1, was significantly associated with iCD8+ T cells increase, while only TIL expression of PD-1 was associated with positive sCD8, suggesting that the co-expression of PD-L1 and PD-1 is necessary to inhibit iCD8+ T cell function. The association of both these markers with the iCD8+ T cells could explain iCD8+ involvement in a worse prognosis. We also thought that the association of only PD-1 expression with sCD8+ T cells, was not sufficient to block sCD8+ function. This is consistent with the observed trend toward a better DFS of patients overexpressed sCD8+ T cells. Further survival analysis comparing patients overexpressing iCD8+ and PD-L1/PD-1 with those overexpressing iCD8+ and PD-1 are necessary to confirm our theory.
Our preliminary work presents some limits. One weakness is that there is no strong relationship between our markers and patient survival, probably due to the low number of deaths and relapses. Moreover, the major part of patients included in our retrospective case studies had favorable clinical pathological characteristics, chosen not on the basis of these parameters, but only on the availability of the follow up.
Another, is the use of TMAs which could eventually mislead in stromal TIL quantification. However, the construction of TMAs was made by selecting, for each core, tumor areas with significant amounts of infiltrate, so that the assessment of the stromal and intratumoral TILs could be performed for all samples studied. Each sample was also arrayed in triplicate cores to overcome tumor variability and heterogeneity. The indication of TIL evaluation and quantification, have been defined only for the whole TIL population, according to the International Working Group criteria [40] , but not for their subtypes. However, all recent studies revealed significant differences when the evaluation of TILs was based on their location. In fact, in our work, the statistical significances we found with respect to patient survival, concerned the analysis of iCD8 and sCD8, but not total CD8 +.
Conclusions
In summary, our preliminary results show that iCD8+ T cells, but no sCD8+ T cells, have a negative impact on BC DFS and this effect could be due to the overexpression of PD-L1/PD-1 pathway. Indeed, although PD-L1 and PD-1 expression levels are not sufficient prognostic factors for survival, they are both significantly associated with the iCD8+ expression. In view of these data further studies, in a large cohort of patients are required to strengthen the statistical significance of our work. Moreover, the mechanisms inducing PD-L1/PD-1 activation in iCD8+ T cells are still to investigate.
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